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The role of the mango bud mite, Aceria mangiferae, in carrying conidia of Fusarium mangiferae, vectoring them into potential infection sites, and assisting fungal infection and dissemination was studied. Following the mite's exposure to a green fluorescent protein-marked isolate, conidia were observed clinging to the mite's body. Agar plugs bearing either bud mites or the pathogen were placed on leaves near the apical buds of potted mango plants. Conidia were found in bud bracts only when both mites and conidia were co-inoculated on the plant, demonstrating that the mite vectored the conidia into the apical bud. Potted mango plants were inoculated with conidia in the presence or absence of mites. Frequency and severity of infected buds were significantly higher in the presence of mites, revealing their significant role in the fungal infection process. Conidia and mite presence were monitored with traps in a diseased orchard over a 2-year period. No windborne bud mites bearing conidia were found; however, high numbers of windborne conidia were detected in the traps. These results suggest that A. mangiferae can carry and vector conidia between buds and assist in fungal penetration but does not play a role in the aerial dissemination of conidia between trees.
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Mango malformation is one of the most destructive diseases of this crop, occurring in most mango-producing regions worldwide (7, 17, 30, 32, 33) . The disease is characterized by malformation of vegetative growth and inflorescences, causing serious yield loss because malformed panicles do not bear fruit (17, 19) . Fusarium mangiferae Britz, M. J. Wingf. & Marasas, previously known as F. moniliforme J. Sheld. and later as F. moniliforme J. Sheld. var. subglutinans Wollenw. & Reinking, has been identified as the causal agent of mango malformation disease (4, 5, 12, 20, 21, 26, 31, 41) .
Little is known about the epidemiology of the disease, dissemination of conidia, location of infection sites, modes of infection, and colonization of plant tissue (30) , or whether wounding is an obligatory condition for infection (32) . Most of the infection studies were performed by wounding the plant tissue, assuming that a wound is necessary for fungal infection (20, 30, 32, 41) . Despite this, two studies reported development of malformation symptoms following inoculations conducted without wounding of the plant tissue (5, 12) .
The identity of the causal agent has been controversial for many years and other abiotic and biotic factors have been proposed as the primary causal agents of this disease (8, 23, 24, 27, 44) . The putative role of the mango bud mite Aceria (=Eriophyes) mangiferae Sayed (Eriophyidae) was partly based on the fact that eriophyoid mites are known to cause bud proliferation, "witches broom", and gall symptoms of inflorescences in other plants (42) .
In addition, herbivores may facilitate fungal infection by two main mechanisms: either by vectoring pathogen propagules or by creating wound sites for fungal penetration (3, 14) , and a number of studies have reported association between herbivorous mites and fungal spores (10, 11) . For example, the mite Brevipalpus phoenicis (Tenuipalpidae) was found in association with the fungal pathogen Elsinoe fawcettii Bitancourt & Jenkins, the causal agent of citrus scab on sour orange (Citrus aurantifolia) in Honduras (10) , but the significance of the mite in the epidemiology of the disease was not investigated. More research is needed in order to determine the role of herbivorous mites and, in particular, the eriophyoid mites as vectors of plant pathogens of a fungal nature.
A. mangiferae, initially described in Egypt (36) , is commonly found within closed generative and vegetative mango buds in both malformed and healthy trees (39) . These mites disseminate by wind from opening buds, land passively on a random tree, and actively find their way to mango buds. Thereafter, the mite settles and begins feeding by penetrating its stylets into the epidermal cell wall, creating shallow wounds of approximately 2 to 5 µm in depth (16, 42) . A. mangiferae was identified in both healthy and diseased trees and, in the absence of a direct correlation between the mite and mango malformation, it was proposed that mango malformation might result from an interaction between the mite and F. mangiferae (34, 39) . When attempts to trap airborne conidia failed (30) , a hypothesis emerged indicating that the bud mite serves as a vector for the fungal conidia (30) . Summanwar and Raychaudhuri (40) recovered the pathogen from A. mangiferae's body, when sampled from diseased trees, and other research reported the isolation of Fusarium spp. from mites sampled from diseased and apparently healthy apical buds (18) . Several studies have reported the production of symptoms after inoculating mango seedlings with bud mites collected from diseased trees (18, 20, 24) . For example, Manicom (20) indicated that spraying the pathogen's conidia on apical buds did not yield symptoms but, when mites were added, 8% of the apical buds were malformed, concluding that the presence of mites may have enhanced infection. An additional conclusion that can be drawn from this work is that the mites are capable of vectoring the fungal conidia into the apical buds. Although the studies described above present interesting information, it appears that the methods employed by these researchers could have led them to unfounded conclusions. For example, when transferring mites from diseased trees, contamination by conidia associated with the mites may have occurred; moreover, several studies lacked sufficiently robust evidence: for example, having numerical data and statistical analysis (24, 40) . Therefore, from the present literature, it is still not clear that the two organisms interact in the epidemiology of this disease, partially due to a lack of suitable tools for tracking the fungal pathogen.
The main research goals of this study were to (i) determine whether A. mangiferae can carry F. mangiferae's conidia within or on the surface of its body, and assess its ability to vector the pathogen into the infection site; (ii) evaluate A. mangiferae's role in assisting the fungal infection process; and (iii) evaluate the role of A. mangiferae in the aerial dissemination of conidia. (38) . The monoconidial culture was maintained on potato dextrose agar (PDA) (Difco Laboratories, Detroit) at 25°C. Conidial suspensions were obtained by adding sterile water to the cultured plates, mixing the suspension, and filtering it through a four-layered gauze pad. Seedling inoculations were performed by placing 20 µl of conidial suspension (5 × 10 6 conidia/ml of water agar, 0.1%) on apical buds and covering them overnight with plastic bags that were sprayed with water. For all mite-related experiments, A. mangiferae was collected directly from infested apical buds sampled from the Volcani experimental orchard. To prevent contamination and permit quantitative inoculation, apical buds were separated into bracts, inspected under a stereomicroscope at ×40 magnification (Wild, Switzerland), and the number of bud mites on each bract were counted while other arthropods were removed using a fine brush.
MATERIALS AND METHODS

Plants
Isolation and identification of the fungus from plant tissue were performed as follows. Bud bracts and stems (sectioned into pieces, 5 mm in length) were surface sterilized for 10 s in 70% ethanol, then 3.5 min in 3% sodium hypochlorate, and plated on a Fusarium-selective medium (25) . After 6 days, fungal colonies that resembled Fusarium morphology were transferred to PDA, identified by morphology under a microscope, and verified by using a molecular polymerase chain reaction (PCR) method with specific primers (45) . Isolation of the green fluorescent protein (gfp) isolate from plant tissue was conducted by plating material on PDA media amended with hygromycin at 50 µg/ml (see following section).
Gfp transformation. Plasmid pSK1019 was kindly provided by Dr. Seogchan Kang (Department of Plant Pathology, Pennsylvania State University). The plasmid contains the hygromycin B resistance (hph) gene under the Aspergillus nidulans trpC promoter and the EGFP gene in a 1.6-kb fragment under a Ch GPD promoter, cloned between EcoRI and HindIII sites of a pBHt2 vector (22) . The vector was transformed into an Agrobacterium tumefaciens strain Eha105 by electroporation (1.5K V, 200 ohms, 50 µF). Transformation was carried out as previously described (22) with the following modifications: dilution of A. tumefaciens was conducted in the presence of acetosyringone; 200 µl of coinoculated bacteria cells and conidia were plated directly onto 10 ml of co-cultivation medium and incubated at 25°C for 2 days. Then, 10 ml of selection medium containing hygromycin B at 100 µg/ml, without the presence of moxalactum, was overlaid on each plate and incubated at room temperature for 5 to 7 days. Gfp transformants were isolated on PDA supplemented with hygromycin B (50 µg/ml).
DNA extraction was carried out as previously described (13) . Southern hybridization was performed to determine T-DNA copy number of transformants. DNA was digested with HindIII and the products separated by electrophoresis on a 0.8% agarose gel in 0.5× Tris-acetate-EDTA (TAE) (20 mM Tris-acetate, pH 8.0, and 0.5 mM EDTA) buffer. Prehybridization, labeling, hybridization, and high-stringency washes of the membrane (Hybond-XL; Amersham Pharmacia, Buckinghamshire, UK) were performed as described according to the DIG High Prime DNA Labeling and Detection Starter Kit II (Roche Diagnostics, Mannheim, Germany). An 850-bp fragment from the hygromycin hph gene was labeled and used as a probe. Mitotic stability of transformants was tested as previously described (22) . Transformants were cultured on PDA and transferred six times onto fresh PDA plates and also to PDA amended with hygromycin at 50 µg/ml, and their resistance to hygromycin was tested to verify stability.
Gfp isolate pathogenicity. One of the six transformants, gfp-1, was used in two experiments to evaluate pathogenicity and symptom development on mango seedlings. For the first experiment, six potted plants were transferred to a growth chamber in September 2006, with 12 h of fluorescent light supplied by four 40-W, 2,300-lm daylight bulbs and constant temperature of 25 ± 2°C. Three plants per isolate (bearing a total of 15 apical buds) were inoculated with either gfp-1 or wild-type isolates, as previously described. Two weeks postinoculation, buds were surface sterilized and plated for evaluation of fungal growth. For the second experiment, in March 2007, six potted plants per isolate were each inoculated with either the gfp-1 or the wild-type isolate. Half were incubated in a growth chamber under a day and night cycle of 29 and 21°C for 14 and 10 h, respectively, for the induction of vegetative growth, and half were incubated for 1 month under a day and night cycle of 17 and 12°C and 10 and 14 h, respectively, for the induction of flowering and symptom development. Three plants were water inoculated as controls.
Mites bearing fungal conidia. Mites collected from infested buds of various mango cultivars were exposed to the gfp-1 isolate of F. mangiferae using two different methods. For the dipping method, 20 mango bud bracts, bearing approximately 100 bud mites per bract, were dipped for 5 s in the gfp-1 suspension of 10 6 conidia/ml. After allowing the bud bracts to dry, mites were removed with an ultrafine paint brush and mounted on doublesided sticky tape for microscopic observation. In the second method, 30 mites were placed on a 5-mm 2 PDA plug which was inoculated 48 h beforehand with the gfp-1 isolate. After 24 h, mites were removed from plugs and inspected for conidia as described above.
Images of gfp-marked conidia were acquired using a confocal laser-scanning Olympus IX81 microscope (Tokyo). Confocal images were obtained via a PLAPO X40 WLSM immersion objective lens at an excitation wavelength of 488 nm (Argon laser), BA515-525 emission filter for gfp, and BA660IF emission filter for autofluorescence. Transmitted-light images were acquired using Nomarski differential interference contrast.
In order to determine whether the mite can ingest conidia and vector the pathogen within its gut, measurements of the diameter of A. mangifera's stylar feeding holes in the bract were documented using the low-temperature scanning electron microscopy (LT-SEM) technique and a Hitachi S-4100 scanning electron microscope (Tokyo) (2) .
Vectoring of the pathogen by mites into apical buds. Potted mango plants were placed in a growth chamber at a constant temperature of 25 ± 2°C under diurnal 12-h light conditions. Two weeks before inoculation, the plants were fumigated twice with Dichlorvos (Divipan, 1,000 g/liter; Makhteshim-Agan, Omer, Israel), using a fumigator (Hagarin, Yavne, Israel) to ensure they were void of mites and insects. The base of the stem was ringed with a water-based adhesive (Rimifoot liquid; Rimi Chemical Co. Ltd., Petach Tikva, Israel) to prevent infestation by ambulant arthropods. Each plant was placed in a disinfected plastic cage and treated with one of the following four treatments. (i) One hundred mites were placed on two 5-mm 2 agar (PDA) plugs colonized with 3-day-old gfp-1 isolate. The plugs were then transferred to a leaf, at a distance of approximately 5 cm from an apical bud. (ii) One hundred mites were placed on two 5-mm 2 agar plugs (without the fungus) and then transferred to a distance of 5 cm from an apical bud as described above. (iii) Two 5-mm 2 agar plugs with the gfp-1 isolate were placed at a distance of 5 cm from an apical bud. (iv) Untreated control, agar plugs without mites or fungus. Four apical buds were inoculated in each treatment and the experiment was repeated five times. Two days following inoculation, the apical buds were inspected with a stereomicroscope and the bud mites were counted. Then, the gfp conidia (if present) were washed from the bud bracts, plated on PDA amended with hygromycin at 50 µg/ml, and, after 5 days, gfp colonies were enumerated. Conidia enumeration data underwent square root transformation, and data of bud mites were expressed as proportions of the original number of mites that were inoculated and transformed by arcsine square root before analysis. A t test was used to determine significance of each mean from zero.
Bud mite assistance in fungal colonization. Potted mango plants were fumigated twice and placed in plastic cages as described above. Three days post-fumigation, plants were treated with one of the following treatments: (i) 40 apical buds were inoculated with gfp-1 conidia or (ii) 40 apical buds were inoculated with gfp-1 conidia and then, after 4 days, inoculated with 50 mites/bud. The experiment was repeated twice in consecutive years, during 2006 and 2007. Twenty-one days postinoculation, buds were harvested, separated into bracts, disinfected, and plated on hygromycin-amended PDA medium, and fungal colonization was calculated. Two parameters were measured: the frequency of colonized buds, expressed as the ratio of colonized buds calculated from the total number of buds in the treatment; and severity of colonization, expressed as the average of colonized bracts per colonized bud. Statistical analysis of the first binary variable was performed using a χ 2 test and that of the second parameter using a t test, P < 0.05.
Mite-fungal
were marked and, after 3 weeks, removed and examined in the laboratory. Each apical bud was dissected into bracts and inspected with a stereomicroscope for the presence of mites, then surface sterilized and plated on a Fusarium-selective medium for the detection of the pathogen. Percentages of buds populated with mites and the pathogen were calculated. Numbers of mites
Bud mite dissemination. Trapping of airborne mites was performed inside a growth chamber as follows. First, 12 branches from mite-infested trees in the orchard were pruned and their severed ends were washed in distilled sterilized water to prevent the milky sap from clogging the stem vessels. The branches were placed in water in 250-ml Erlenmeyer flasks and their openings were plugged with cotton and sealed with parafilm (American Can Co., Greenwich, CT). Using this methodology, the shoots continued to grow and the buds opened, allowing the mites to migrate in the airflow. Branches were placed in front of a fan in a wind tunnel apparatus (Fig. 1) . When airflow moved from the narrow cylinder to the wider one, the velocity was reduced, thereby allowing the windborne eriophyoid mites to drop from the airflow onto the Vaseline-coated slides. To test the efficacy of this system, we used four heavily infested tomato plants with the tomato russet mite (TRM), Aculops lycopersici Massee, which belongs to the same family (Eriophyidae) as Aceria mangiferae and has similar body dimensions. The tomato plants were placed in the wind tunnel apparatus and, after 2 days, slides were inspected under a stereomicroscope. An average of 25.9 ± 1.5 TRMs were found on each slide, indicating that this method could be successfully used for detection of airborne eriophyids. The experiment to detect A. mangiferae was repeated four times with branches sampled in October 2005 and January, February, and March 2006.
For monitoring wind-blown mites under field conditions, a freely rotatable wind trap, made of 200-by-20-cm PVC pipe mounted on a pole attached to a wind vane, was placed in the Volcani experimental mango orchard surrounded by heavily infected trees (spaced 3 by 4 m apart) (9) . A sheet of polycarbonate Fig. 1 . Wind tunnel apparatus. Branches were placed in front of a fan (A) with three polyethylene rings (B) attached to it in order to prevent air turbulence. Two polyethylene cylinders were placed downwind from the branches. The first cylinder was connected to a cone that was then connected to the second cylinder. Twenty-six Vaseline-coated slides were placed on the bottom of the wider cylinder. Straight arrows indicate airflow direction. plastic (200 by 9 cm) covered with 70 Vaseline-coated slides was inserted into the PVC pipe. Slides were replaced once a month from September 2005 until September 2006. After each exposure, slides were collected and examined for the presence of the mite under a stereomicroscope. Mites found on the slides were enumerated and examined for the presence of conidia at ×40 using transmitted Nomarski differential interference contrast and plated on Fusarium-selective medium for fungal detection.
Conidial dissemination. Airborne conidia were monitored using a Burkard volumetric spore trap (Burkard Scientific Sales Ltd., Rickmansworth, United Kingdom). The trap was placed in the Volcani orchard, sucking in air continuously at a speed of 10 liters/min on Burkard adhesive 'Melinex' clear tape, for periods of 7 days, at the same site where the mite wind trap was located. The adhesive tape was then cut into seven 1-day pieces, washed with 5 ml of sterile water, concentrated by centrifugation at 12,000 rpm in a Hermle Z 400 K centrifuge (Hermle Labortechnik Wehingen, Germany), and 1 ml was plated on five Fusarium-selective medium plates for detection of F. mangiferae colonies. Five days later, colonies were enumerated and the pathogen was identified microscopically and verified by PCR. 
RESULTS
Gfp transformation and pathogenicity. Six stable gfp transformants were obtained, five containing a single integrative copy of the plasmid, and one (gfp-3) containing two integrative copies of the plasmid (Fig. 2 ). An assessment of the mitotic stability of transformants determined that all of them maintained their hygromycin B resistance after six successive transfers.
In the first pathogenicity experiments, both the wild-type and the gfp-1 isolates infected 27% of the buds. In the second experiment, half of the seedlings inoculated with either the wild-type or gfp-1 isolates (cultivated at 29 and 21°C, day and night, respectively) started sprouting 3 months postinoculation, with vegetative malformation symptoms developing in all plants. The other half of the inoculated seedlings (exposed for 1 month to 17 and 12°C followed by 1 week at 29 and 21°C, day and night, respectively) started to bloom and typical disease symptoms were again observed in all the plants. Noninoculated control plants remained healthy.
The role of mites in carrying the pathogen and vectoring it into apical buds. Inoculation of bud mites with a conidial suspension using the dipping method was not successful. When using the second inoculation method (mites released on agar plugs colonized with the gfp-1 isolate), gfp fluorescing conidia were observed on the mites (Fig. 3) . Conidia of the pathogen did not seem to cling to any particular part of the mites' bodies.
Images acquired by LT-SEM show a frontal dorsal view of A. mangiferae on mango apical bud scale tissue, with numerous punctures in the tissue caused by its feeding (Fig. 4A) . The size of the holes, used in order to determine the external measurements of the stylets, varied between 0.4 and 0.7 µm (Fig. 4B) . The diameter of A. mangifera's stylets (all stylets combined) (Fig. 4C ) measured ≈0.6 µm. These dimensions are an order of magnitude smaller than the width of F. mangiferae's conidia of 2.0 to 4.5 µm (Fig. 4D) , indicating that it is highly unlikely that the mite can ingest intact conidia.
Gfp-1 conidia were found in apical buds only when both bud mites and conidia were co-inoculated on the plant (Table 1 ). The numbers of gfp-1 conidia found in the apical buds in that treatment as well as the numbers of mango bud mites found in the apical buds in the two treatments where mites were inoculated were significantly different from zero (Table 1) .
Bud mite assistance in fungal colonization. Frequency and severity of fungal colonization was significantly higher (P < 0.05) in buds inoculated with both bud mites and conidia than in buds inoculated with conidia alone, conducted in consecutive years during 2006 and 2007 (Fig. 5) . In 2006, significantly higher colonization was recorded in the treatment with dual inoculations of both conidia and bud mites (χ 2 1 = 8.418, P = 0.0037) (Fig. 5A) . Severity of colonization in 2006 was also significantly higher (t 48 = 5.077, P < 0.0001) in the combined mite and conidia treatment (Fig. 5B) . Similar results were obtained in 2007, where significantly higher colonization rates were detected in the combined conidia and mite inoculations (χ 2 1 = 4.082; P = 0.043), including more severe colonization rates (t 52 = 2.684; P < 0.009).
Role of A. mangiferae in aerial dissemination of conidia. A. mangiferae and F. mangiferae were present in apical buds throughout the year. More than 67% of all apical buds in each sample were populated with bud mites, whereas the frequencies of F. mangiferae were much lower ( 
In the wind tunnel apparatus, 2, 12, 7, and 5 mango bud mites were detected during the four trials. A number of viable F. mangiferae conidia were also recovered (1, 3, 1, and 1, respectively) but none were found on the trapped windborne mites. Thirteen A. mangiferae were captured using the wind-mite trap in the Volcani orchard from September 2005 to September 2006, none bearing F. mangiferae conidia on their bodies. In contrast, high inoculum (Fig. 7) . The peak in aerial dissemination corresponded with the peak of malformed inflorescences in the orchard.
DISCUSSION
The results of this study shed light on the involvement and role of A. mangiferae in mango malformation disease, an issue of Prior to a t test analysis (to determine significance of each mean from zero), an arcsine and a square root transformation were performed on the proportions of mites (from the 100 mites that were inoculated). c Prior to a t test analysis (to determine significance of each mean from zero), data underwent a square root transformation.
controversy for many years (30) . We focused on three stages of the disease cycle: reaching the infection site, colonization, and aerial dissemination. For each stage, the question of whether the mite assists the fungal pathogen was addressed. In this study, a gfp-transformed isolate of F. mangiferae was used as a tool which distinguished this work from previous studies. This marked strain allowed us to avoid confusion with natural infections of the pathogen and also to reduce the experimental time needed for detection of fungal colonization as opposed to waiting for symptom development. The gfp-1 isolate produced and used throughout the study was stable and infective, causing typical disease symptoms in inoculated plants.
Eriophyoid mites effectively transmit plant viruses by ingesting the plant pathogen into their gut (15, 37) . However, with the A. mangiferae-F. mangiferae interaction, morphological measurements demonstrated clearly that the conidia are too large to be ingested, thereby allowing only external bearing by the mite. A similar conclusion was reached by Oldfield and Proeseler (28) , who indicated that the minute diameter of eriophyoid mouthparts may preclude ingestion of larger plant pathogens and that some viruses are too long for the mite to ingest, suggesting that a specific orientation of the virus is required for it to be passed through the oral opening of its vector. Eliminating the possibility of the mite carrying the conidia within its body reinforces the importance of our results, demonstrating how A. mangiferae can, under laboratory conditions, bear conidia on its body. By using gfp-labeled conidia, we have shown unequivocally that A. mangiferae can carry F. mangiferae, unlike previous studies of A. mangiferae sampled from diseased apical buds (18, 40) which did not specifically identify the fungus as F. mangiferae and could not exclude contamination of mites by unidentified Fusarium spp. during transfer from malformed buds to PDA plates and to microscope slides.
Although both the fungus and the mite are disseminated aerially and randomly land on the tree, only the mite has the capacity to actively seek out, discover, and successfully colonize the apical bud. This led us to examine the feasibility of conidial transport on the body of the mite from their arbitrary landing sites on leaves into buds, apparently their exclusive infection sites. Conidia were observed within apical buds only when an adjacent leaf was inoculated with both mites and conidia, and buds of the other control treatments were devoid of conidia; therefore, we conclude that the only way for the conidia to reach the apical bud in these controlled seedling inoculation experiments is via the mite as a vector. These results are in agreement with those of Manicom (20) , who obtained enhanced malformation symptoms on seedlings by attaching malformed buds containing mites and fungus as opposed to a conidial spray alone.
After reaching the infection site, conidia penetrate the host. This process takes place inside the apical bud-a common habitat for both the mite and the fungus (1, 39) . As in previous studies, we observed high frequencies of apical buds populated with A. mangiferae throughout the year (29, 34, 44) , and higher numbers of mites in buds colonized by the fungus compared with noncolonized ones (18) . This positive correlation between the two organisms could be explained, among other possible explanations, by either the fungus providing a better habitat for the mite or the mite providing more attractive infection sites for the fungus. Positive interactions between mites and disease are also suggested by a positive correlation between numbers of mites in malformed tissue and severity of disease in some previous studies (35) , although this correlation is not present in some other studies (34) .
One possible mechanism for positive interactions between A. mangiferae and F. mangiferae is that mites increase in the success of fungal infection; however, the results of previous studies regarding this mechanism have been inconclusive (18, 20) , perhaps because humidity was insufficient to support effective infection by F. mangiferae (24) . Our data from experiments on potted plants showed clearly that the presence of A. mangiferae inside the buds increased frequency and severity of bud colonization by the pathogen. However, although mite feeding sites may facilitate fungal germ tube penetration into the bud tissue, they are not necessary for infection, because high frequencies of infected buds resulted from inoculations made in the absence of the mites or artificial wounds.
We also tested the hypothesis that the bud mite serves as a vector for the dissemination of fungal conidia (30) , which has been proposed previously because several attempts to trap windborne conidia failed (30, 31) . Unlike previous studies of air dispersal of F. mangiferae conidia, we used a modified technique (washing and plating the Burkard rotary trap band, over selective medium plates) to successfully determine the conidial dispersal pattern under field conditions over a 2-year period. Attempts to capture airborne mites in the orchard over a 1-year period were also partially successful, despite the limits imposed by the biology of the mite. Unlike eriophyid vagrant mites that inhabit leaves and disseminate in the air in high numbers (6), airborne population levels of A. mangiferae are relatively low because they inhabit closed apical buds and disperse from them when bud break commences, each bud opening independently (43) . None of the airborne A. mangiferae that were trapped in the orchard and in the growth chamber bore conidia on their bodies. In addition, aerial conidia were abundant in the absence of mites. Thus, it appears that the mites do not contribute substantially to the conidial dissemination process and that conidia can be passively dispersed through the air from malformed panicles. The mite and the conidia apparently "meet" after landing on the tree canopy, when the mite makes its journey toward the apical bud.
In summary, the interaction between A. mangiferae and F. mangiferae, the causal agent of mango malformation disease, has been suggested for many years but never thoroughly studied. In this research, we demonstrated that A. mangiferae can bear fungal conidia externally on its body, transport conidia between apical buds on infected trees, and so facilitate fungal colonization, but that the mite is unlikely to play a role in transferring conidia between trees. Our results provide a better understanding of the nature of the interaction and the potential for A. mangiferae to enhance disease frequency and severity in the orchard. These epidemiological data may assist in developing an improved control program for mango malformation disease.
